Objectives: To identify switch modalities used when initiating second-or third-line anagrelide for essential thrombocythemia (ET), assess whether anagrelide is initiated consistently with Summary of Product Characteristics (SPC) recommendations, and determine whether different observed switch regimens have any relationship with maintenance, platelet response, or tolerability. Methods: This observational study was conducted across 43 centers in France. High-risk patients (>60 yr of age and/or history of thrombosis and/or platelet count >1000 9 10 9 /L) with ET starting second-or third-line anagrelide therapy were identified and monitored for 6 months. Results: A total of 177 patients were enrolled. The SPCrecommended starting dose (1 mg/d) was used in 52.6% of patients; 0.5 mg/d was used in 41.1%. 77.1% of patients underwent an anagrelide dose increase during the study. At 6-month follow-up, 84.7% of patients (n = 144/170) were still receiving anagrelide; 70.6% (n = 120/170) achieved a platelet response. A higher proportion of patients who discontinued previous cytoreductive therapy (CRT) after initiating anagrelide achieved a platelet response (n = 34/39, 87.2%) vs. patients who discontinued their previous CRT before anagrelide initiation (n = 77/115, 67.0%). Platelet response rates were higher in patients whose anagrelide initiation was consistent (n = 100/133, 75.2%) vs. inconsistent (n = 20/37, 54.1%) with the SPC. The incidence of adverse drug reactions was lower in patients whose anagrelide treatment was consistent (n = 52/133, 39.1%) vs. inconsistent (n = 25/37, 67.6%) with the SPC. Conclusions: To our knowledge, the FOX study provides the first comprehensive real-world data on the modalities used when switching from previous CRT to anagrelide. Highest platelet responses were observed when previous CRT was discontinued after anagrelide initiation or when anagrelide was initiated consistently with the SPC. Safety data corresponded with the SPC.
The World Health Organization classifies essential thrombocythemia (ET) as a chronic myeloproliferative neoplasm characterized by an elevated platelet count and an increased risk of developing thrombohemorrhagic complications (1) . The prevalence of ET is approximately 30/100 000 in Western populations (2) .
The primary objective of ET treatment is to decrease the incidence of thrombohemorrhagic events (3) . According to European LeukemiaNet (ELN) guidelines, cytoreductive therapy (CRT) is indicated in patients with ET who are at high risk of developing thrombohemorrhagic events (>60 yr of age and/or history of thrombosis and/or platelet count >1500 9 10 9 /L) (4). There are two licensed treatments available for the management of high-risk patients with ET in Europe. Hydroxycarbamide (HC) is licensed for first-line therapy (4) and, as of 2004, anagrelide is licensed by the European Medicines Agency for patients with ET who are intolerant or refractory to their current CRT (5) .
The ELN guidelines recommend HC as first-line treatment and suggest that physicians consider non-leukemogenic drugs such as anagrelide or interferon (IFN; off label) in high-risk patients who are intolerant or resistant to therapy with HC (4) . Anagrelide is the preferred choice, with IFN being reserved for young females or those with anagrelide contraindications (4) . Results from previous studies have demonstrated that anagrelide is effective at reducing platelet counts by producing response rates of between 77% and 93% (6) (7) (8) (9) . In addition, anagrelide has been shown to reduce symptoms associated with ET as well as major and minor thromboembolic complications (7, 9, 10) .
The anagrelide Summary of Product Characteristics (SPC) defines a lower platelet count than the ELN guidelines as high risk (>1000 9 10 9 /L vs. >1500 9 10 9 /L) (4, 5) . The SPC recommends starting treatment at 1 mg/d, in two divided doses (0.5 mg/dose), and maintaining this dose for ≥1 wk (5) . The dose may then be titrated to a patientspecific optimal dosage required to reduce and/or maintain a platelet count <600 9 10 9 /L and ideally between 150 9 10 9 /L and 400 9 10 9 /L. The dose increment must not exceed 0.5 mg/d per week, and 2.5 mg is the maximum single dose. Starting doses >1 mg/d may be used, but platelet counts must be monitored regularly until a stable maintenance dose is achieved (5) . However, neither the SPC nor the ELN provide any guidance on how to transition from another CRT to anagrelide. Therefore, it would be useful to identify the optimal modality for transitioning patients onto anagrelide from their current CRT in order to achieve prolonged maintenance, efficacy, and tolerability.
The aim of the France Observatoire Xagrid â (FOX) observational study was to identify the switch modalities used when initiating anagrelide and to describe any possible relationship with platelet response, tolerability, and maintenance of anagrelide at 6 months.
Methods

Study design and patients
The FOX study (SPD422-702; ClinicalTrials.gov identifier: NCT01192347) was a non-interventional (observational) study conducted in France to investigate the switch modalities used when initiating anagrelide in adult patients with ET. The study included two periods: a case screening period in which eligible patients who had initiated anagrelide treatment in the previous month or were about to start anagrelide treatment (those patients with a documented physician decision to prescribe) were identified and enrolled in the study, and a prospective follow-up period that was 5-6 months (depending on whether a patient initiated anagrelide in the previous month) in length to allow each patient to be observed for their first 6 months of anagrelide treatment. Before the study started, approvals were obtained from le Comit e Consultatif sur le Traitement de l'Information en mati ere de Recherche dans le domaine de la Sant e (CCTIRS) and la Commission Nationale de l'Information et des Libert es (CNIL). Eligible patients were aged ≥18 yr with a diagnosis of ET uncontrolled by first-line (or previous) CRT (for efficacy or tolerability reasons) and categorized as high risk according to the SPC. Patients must have been on second-or furtherline anagrelide treatment for ≤1 month or had a decision documented to commence second-or further-line anagrelide treatment. Patients were excluded from the study if they were participating in another clinical trial where their treatment was defined by that study protocol. Written informed consent was obtained for each of the participants before they entered the study.
Anagrelide therapy
The decision to prescribe anagrelide or continue with an existing treatment was made at the investigator's discretion and was not influenced by the study measures. No treatment or medication was contraindicated during the study; however, patients who were intended to be treated with prolonged combinations of CRT at anagrelide initiation could not be included in the study. Dosing and timing of the doses was determined by the treating physician. Patients were categorized at the end of the study according to the treatment protocol they had received.
Study objectives
The objectives of this study were to observe how different treatment regimens for initiation of anagrelide therapy affect continuation with treatment in the first 6 months and to investigate whether the different treatment regimens have a relationship with platelet response (full response, platelet count of ≤400 9 10 9 /L; partial response, platelet count between 400 and 600 9 10 9 /L or a platelet count reduction of at least 200 9 10 9 /L), patient characteristics, or adverse drug reactions (ADRs).
In addition, the study aimed to collect information on the incidence of various starting doses; the titration increments used in clinical practice when initiating anagrelide; the various down titration and withdrawal strategies used to stop previous ET therapy during initiation of anagrelide; and hematological parameters (platelet counts, white blood cell counts, neutrophils, red blood cell counts, hematocrit, and hemoglobin).
Sample size and statistical methods
Sixty centers were required to enroll approximately 180 patients so that full analyses could be carried out on at least 160 patients. Statistical analyses were carried out using SAS â Version 9.1.3 (SAS Institute, Cary, NC, USA).
Results
Patients
Between September 2010 and April 2012, 177 patients were enrolled into the study across 43 centers in France. Of these, 175 patients received one or more doses of anagrelide and had one or more postbaseline safety assessment (NB: two patients did not meet the criteria and were not included in the safety set). The full analysis set (FAS) comprised the 170 patients who received previous CRT prior to initiating anagrelide (the other five patients received first-line anagrelide).
Patients who had been treated with a previous CRT were divided into defined subgroups based upon the treatment regimens used when anagrelide treatment was initiated. These are described in Fig. 1 .
Patients were also categorized based upon whether anagrelide treatment was initiated consistently or inconsistently with the SPC dosing recommendations-consistent dosing: anagrelide starting dose was ≤1 mg/d, any increase in dose was ≤0.5 mg/d, any increase in dose was made ≥7 d after first initiation or ≥7 d after any previous modification (up or down), and the maximum dose did not exceed 10 mg/d at any stage; inconsistent dosing: any deviations from the above anagrelide starting dose and titration schedule were considered to be inconsistent with the SPC. Although the SPC recommends an anagrelide starting dose of 1 mg/d, this study also considered patients who received a starting dose of 0.5 mg/d to have initiated anagrelide consistently with the SPC dosing recommendations.
The disposition of patients across the main and switch subgroups is displayed in Fig. 1 . The majority of patients discontinued their previous CRT prior to initiating anagrelide (n = 115/175, 65.7%), and most patients' treatment with anagrelide was consistent with the SPC dosing recommendations (n = 133/175, 76.0%). Although patients whose previous CRT was not planned to be discontinued were ineligible for the study, 16 patients (9.1%) did not discontinue their previous CRT at any time point throughout the 6-month follow-up period. Patient baseline and demographic characteristics are displayed in Table 1 . Of note, one patient received anagrelide as fourth-line therapy. Some slight differences were observed between the main subgroups (data , but was discontinued before anagrelide was discontinued or the patient completed the study period. Not discontinued: all other cases (i.e., patients received both their current CRT and anagrelide throughout the 6-month follow-up period).
1
Includes two patients who restarted CRT after anagrelide initiation that was discontinued again in the 6-month follow-up period.
not shown), but as none were thought to influence the efficacy and safety results, these were not presented.
Anagrelide therapy (safety set)
Lack of efficacy (n = 71, 40.6%) and intolerance (n = 114, 65.1%) to patients' previous CRT were the most frequently reported reasons for anagrelide initiation. Approximately half of patients (n = 92, 52.6%) commenced anagrelide treatment at the 1 mg/d starting dose recommended in the SPC (5) and 41.1% started at 0.5 mg/d ( Figure S1 ). A greater proportion of patients who discontinued their previous CRT after anagrelide initiation (i.e., had a period of combination therapy) received an anagrelide starting dose of 0.5 mg/d (n = 22/39, 56.4%) compared with those who discontinued their previous CRT prior to anagrelide initiation (n = 42/ 115, 36.5%). All nine patients who received an anagrelide starting dose of 1.5 mg/d had stopped their previous CRT prior to commencing anagrelide treatment. None of these patients withdrew from the study, and only two experienced an ADR, with one leading to a dose reduction. The median maximum daily dose and the median last daily dose of anagrelide were 1.5 mg/d in the total population, with a slightly higher dose of 2.0 mg/d in patients who underwent prolonged transition and in patients whose anagrelide dosing schedule was inconsistent with the SPC (Table 2 ).
In total, 135 patients (77.1%) underwent an anagrelide dose increase at some point during the 6-month follow-up period; 99/135 patients (73.3%) because they did not achieve their platelet target and 58/135 patients (43.0%) had one or more preplanned dose increase. Nearly all patients who received an anagrelide starting dose of 0.5 mg/d underwent a dose increase (n = 67/72, 93.1%) compared with twothirds of those who received an anagrelide starting dose of 1 mg/d (n = 61/92, 66.3%). Overall, 50 patients (28.6%) underwent a dose reduction and 16 patients (9.1%) underwent a dose interruption during the 6-month follow-up period, with an ADR the most frequent reason (Table 2) . ADRs were also the most frequent reason why anagrelide was discontinued in 24/30 patients (80.0%) during the 6-month follow-up period. Twenty-six patients (14.9%) did not undergo any dose modification during the 6-month follow-up period ( Table 2) .
Continuation of anagrelide therapy (full analysis set)
A total of 144 patients (84.7%) were still receiving anagrelide therapy at the end of the 6-month follow-up period, with >80% in each main subgroup (Fig. 2) . A greater proportion of patients who discontinued their previous CRT after anagrelide initiation were still receiving anagrelide therapy at the end of the 6-month follow-up period (n =37/39, 94.9%) compared with patients who discontinued their previous CRT prior to anagrelide initiation (n = 94/115, 81.7%). Notably, 100% of patients (n = 9) who underwent prolonged transition were still receiving anagrelide therapy at the end of the 6-month follow-up period.
Platelet response (full analysis set)
In the study population, the median platelet count recorded at diagnosis and baseline was 816 9 10 9 /L (range 413-1862) and 553 9 10 9 /L (range 179-1549), respectively. The last median platelet count, calculated from the last value recorded during the 6-month follow-up, was 411.5 9 10 9 /L (range 167-1265) ( Table 3 ).
A total of 120 patients (70.6%) achieved a platelet response, of whom 71 (41.8%) achieved a full response and 49 (28.8%) achieved a partial response (Fig. 3) . The platelet response rate (full and partial) was slightly lower in patients Data not shown for five additional patients included in the study who had no prior cytoreductive therapy and therefore received anagrelide as a first-line treatment. who received anagrelide as second-line therapy (n = 98/143, 68.5%) compared with third-line therapy (n = 21/26, 80.8%). The platelet response rate was similar in patients who started anagrelide at 0.5 mg/d (n = 51/69, 73.9%) and 1 mg/d (n = 61/90, 67.8%), but highest in those that started at 1.5 mg/d (n = 8/9, 88.9%).
A greater proportion of patients who discontinued their previous CRT after anagrelide initiation achieved a platelet response (n = 34/39, 87.2%) compared with those who discontinued their previous CRT before anagrelide initiation (n = 77/115, 67.0%) and compared with patients who did not discontinue their CRT at any time point throughout the 6-month follow-up period (n = 9/16, 56.3%). Notably, 100% of patients (n = 9) who discontinued their previous CRT 1-6 months after anagrelide initiation achieved a platelet response (Fig. 3) . More patients whose anagrelide treatment was consistent with the SPC dosing recommendations experienced a platelet response (n = 100/133, 75.2%) than those whose treatment was inconsistent (n =20/37, 54.1%). Platelet response rates, as stratified by the reasons for inconsistency with the SPC dosing recommendations, were as follows:
anagrelide starting dose >1 mg/d (n = 8/10, 80.0%); anagrelide dose titrated <7 d (n = 5/12, 41.7%); anagrelide dose increased >0.5 mg/d per week (n = 8/16, 50.0%).
Most patients' treatment followed one of the following three modalities: discontinuation of previous CRT before anagrelide initiation that was consistent with the SPC dosing recommendations (n = 85/170, 50.0%); discontinuation of previous CRT before angrelide initiation that was inconsistent with the SPC dosing recommendations (n = 30/170, 17.6%); and discontinuation of previous CRT 0-1 month after anagrelide initiation (less prolonged transition; i.e., combination therapy) that was consistent with the SPC dosing recommendations (n = 28/170, 16.5%). The proportion of patients experiencing platelet responses in these groups were 71.8%, 53.3%, and 85.7%, respectively. The group with less prolonged transition to anagrelide initiation that was consistent with the SPC dosing recommendations experienced greater response rates (n = 24/28, 85.7%) than the group that discontinued prior CRT before the initiation of anagrelide that was inconsistent with the SPC dosing recommendations (n = 16/ 30, 53.3%). The median change from baseline platelet count to the last platelet count during the 6-month follow-up period was À94.5 9 10 9 /L (range À1344.0 to 837.0). No notable changes were observed from baseline in any of the other laboratory parameters (Table 3) , and no differences were observed between subgroups. No thrombosis was reported during the course of the study.
Safety (safety set)
A total of 81/175 patients (46.3%) experienced one or more ADRs during the 6-month follow-up period (Table 4) The incidence of ADRs was lower in patients whose anagrelide treatment was consistent with the SPC dosing recommendations (n = 52/133, 39.1%) than in the group of patients whose anagrelide treatment was inconsistent with the SPC dosing recommendations (n = 25/37, 67.6%). The incidence of ADRs, as stratified by the reasons for inconsistency with the SPC dosing recommendations, was as follows: anagrelide starting dose >1 mg/d (n = 3/10, 30.0%); anagrelide dose titrated <7 d (n = 11/12, 91.7%); anagrelide dose increased >0.5 mg/d per week (n = 12/16, 75.0%). The proportion of patients who experienced an ADR was fairly similar across the study, irrespective of when (or if) patients had discontinued their previous CRT prior to anagrelide Data not shown for five additional patients included in the study who had no prior cytoreductive therapy and therefore received anagrelide as a first-line treatment. 2 These total values also include the patients who did not receive prior cytoreductive therapy (these were not further subdivided into the different subgroups).
initiation. The most frequent ADRs by preferred term were palpitations (13.1%), headache (10.9%), diarrhea (5.7%), and asthenia (5.7%) ( Table 5 ). The incidences of diarrhea (21.6% vs. 1.5%) and palpitations (18.9% vs. 11.3%) were higher in patients whose anagrelide treatment was inconsistent with the SPC dosing recommendations than in patients whose anagrelide treatment was consistent with the SPC dosing recommendations. No clear differences were observed between the main subgroups in patients who experienced headache. Of the 81 patients, 49 experienced a mild ADR and 36 a moderate ADR. Seventeen patients experienced a severe ADR, the most frequent being anemia (n = 3, 1.7%). Severe cases of asthenia, headache, and hypertensive crisis were each reported in two patients (1.1%). In total, 10 serious ADRs were reported in eight patients (4.6%), of whom two had hypertensive crisis (Table 5) .
Anagrelide was discontinued because of an ADR in 29 patients (16.6%) ( Table 4 ). The most frequent ADRs by preferred term that led to anagrelide discontinuation were palpitations (n = 7, 4.0%), headache (n = 5, 2.9%), and peripheral edema (n = 3, 1.7%). Three deaths occurred during the 6-month follow-up period, but all were considered unrelated to anagrelide.
Discussion
Since the discovery of the JAK2 V617F mutation in myeloproliferative neoplasms, targeted agents have been developed demonstrating clinical efficacy in myelofibrosis (11, 12) . However, limited data are available for agents targeting this mutation in ET and polycythemia vera; thus, optimal management of patients using 'classic' drugs is required. Currently, the anagrelide SPC (5) and the ELN (4) do not provide specific guidance on switching methods from one ET treatment to another, and so the question of how to initiate anagrelide most effectively remains unanswered. To our knowledge, the FOX study provides the first comprehensive real-world data on the modalities used when switching from previous CRT to anagrelide, based on a representative population of patients with ET requiring second-or third-line treatment. In this study, the transition methods identified for initiating second-or third-line anagrelide were as follows: discontinuing previous CRT prior to anagrelide initiation; discontinuing previous CRT after anagrelide initiation (either less prolonged transition 0-1 months or prolonged transition 1-6 months); or not discontinuing previous CRT; and whether anagrelide initiation was consistent or inconsistent with the SPC dosing recommendations. The SPC recommends that patients should start anagrelide at 1 mg/d and be monitored carefully on a regular basis. However, a proportion of patients were observed to initiate anagrelide as combination therapy in this study. Therefore, as the SPC dosing recommendations do not specify how to initiate anagrelide as combination therapy, the observed approach of starting anagrelide at ≤1.0 mg/d was considered consistent with the SPC dosing recommendations. The various approaches observed in this study reflect that patients with ET are treated on an individualized basis.
At the end of the 6-month follow-up period, most patients were still being treated with anagrelide and had achieved a platelet response (full or partial). However, some differences were observed according to the switching modalities.
Our results showed that more patients who discontinued their previous CRT after initiating anagrelide achieved a platelet response and remained on anagrelide therapy at the end of the 6 months compared with patients who discontinued their previous CRT before starting anagrelide. A period of treatment overlap may avoid a platelet rebound as continuation of prior therapy supports gradual increase in anagrelide dosage. This overlap may improve short-term tolerance and platelet response. In addition, patients whose anagrelide treatment was consistent with the SPC dosing recommendations were more likely to achieve a platelet response than those whose anagrelide treatment was inconsistent with the SPC dosing recommendations. Of the latter group of patients, the lowest responses were observed in those who had their anagrelide dose titrated <7 d or increased >0.5 mg/d per week. This could indicate that patients were not achieving a sufficient platelet response on the current dose and so had their dose increased earlier than recommended in an attempt to achieve a platelet response. This approach may have been employed more frequently in the presence of resistant thrombocytosis and refractory disease. The highest response rates (full and partial) were seen in patients who discontinued previous CRT after anagrelide initiation (n = 34/39) or those receiving anagrelide that was consistent with the SPC dosing recommendations (n = 111/133). The highest median maximum daily dose of anagrelide was observed in patients undergoing prolonged transition to anagrelide or those receiving anagrelide inconsistent with the SPC dosing recommendations. The prolonged transition period may have allowed the gradual increase in anagrelide to a higher daily dose with improved tolerance resulting in better response rates. The lowest platelet responses were observed in patients who did not discontinue their previous therapy (i.e., had a period of combination therapy throughout the duration of the study) or in those whose anagrelide treatment was inconsistent with the SPC dosing recommendations. The presence of refractory disease could be a reason why previous CRT was not discontinued in the former group, and the dose was increased sooner than recommended to a higher dose in the latter group. A proportion of high-risk patients with ET are difficult to treat and present with refractory thrombocytosis. Guidance is available to help identify these patients (13) . Moreover, in patients whose anagrelide treatment was inconsistent with the SPC dosing recommendations, the higher incidence of ADRs may be related to the rapid increases in anagrelide dose. Thus, further dose titrations may not have been possible, and a platelet response was not achieved. In addition, low anagrelide doses were used in patients who did not discontinue their previous therapy, perhaps with the aim of preventing ADRs, but this may have in turn reduced efficacy.
Approximately half of patients started anagrelide therapy at the recommended dose of 1 mg/d and received a maximum daily dose consistent with the SPC (1-3 mg/d) (5) and findings of the Europe-wide EXELS study (14) . In this study, it was observed that 41.1% of patients received an anagrelide starting dose of 0.5 mg/d. More patients who received an anagrelide starting dose of 0.5 mg/d discontinued their previous CRT after anagrelide initiation (i.e., had a period of combination therapy) than patients who received an anagrelide starting dose of 1 mg/d (56.4% vs. 36.5%, respectively). Physicians may opt to use a more conservative approach when initiating anagrelide during a planned period of combination therapy to minimize side effects, especially as intolerance to previous CRT was the most frequently reported reason for initiating anagrelide. Moreover, patients may have been started on a low dose because the platelet counts already appeared to be controlled at baseline. The majority of patients had their anagrelide dose increased during the study, irrespective of starting dose, mainly for insufficient platelet response at the lower dose. This was expected, as anagrelide is usually titrated to achieve the lowest effective dose required to reduce and/or maintain a platelet count <600 9 10 9 /L and ideally normalized while minimizing potential side effects.
In this study, anagrelide was well tolerated and the most frequent ADRs were consistent with the SPC (5) and results from previous studies (8, 9, 15) . The incidence of ADRs, including diarrhea and palpitations, was lower in patients whose anagrelide treatment was consistent with the SPC dosing recommendations than in the group of patients whose anagrelide treatment was inconsistent with the SPC dosing recommendations. Of the latter group, the highest incidence of ADRs was observed in those whose anagrelide dose was titrated <7 d or whose dose was increased >0.5 mg/d per week. This supports the belief that a rapid dose increase in anagrelide and/or increase of dose >0.5 mg/d per week may not be an appropriate management strategy in terms of safety. The serious ADRs of palpitations, cardiac failure, angina pectoris, anemia, and headache that were reported in this study are all listed in the SPC (5) . None of the serious ADRs were fatal. The average time to first ADR was shorter in patients who received an anagrelide starting dose of 0.5 mg/d than those who received a starting dose of 1 mg/d. This was an unexpected finding, but could be because approximately half of the patients who started anagrelide at 0.5 mg/d initiated anagrelide as combination therapy, thereby increasing the incidence of side effects.
As this was a non-randomized, observational study, subgroup numbers were not well balanced and some groups had very low patient numbers. These added an element of potential bias to the results. Formal significance testing was not presented, as P-values would also be potentially biased and misleading. In addition, although French hematologists may use World Health Organization criteria as mandatory, bone marrow biopsies were not collected in this study to confirm ET diagnosis as this study was non-interventional and focused on ET management in a population being treated under the assumption that they had ET. It was also deemed inappropriate to use bone marrow biopsies over 1 yr old. Furthermore, as the median time from diagnosis to trial inclusion was approximately 60 months, this delay would usually be sufficient to detect myelofibrotic symptoms if patients had initial prefibrotic myelofibrosis. Patients were still considered to have ET by the investigators if secondary myelofibrosis symptoms were absent after the follow-up.
In conclusion, data from the FOX study provide novel information on the switch modalities used when initiating anagrelide and their potential impact on patient outcomes in clinical practice. Highest platelet responses were observed when previous CRT was discontinued after anagrelide initiation or when anagrelide was initiated consistently with the SPC dosing recommendations. The safety data corresponded with the SPC, and the incidence of ADRs was lowest in patients whose anagrelide treatment was consistent with the SPC dosing recommendations. Limitations of the study are mainly related to the observational design, and so future randomized controlled trials would be required to confirm these findings.
